[1] The water resources of high-altitude areas of Chile's semiarid Norte Chico region (26-32°S) are studied using surface hydrological observations (from 59 rain gauges and 38 hydrological stations), remotely sensed data, and output from atmospheric prediction models. At high elevations, the observed discharge is very high in comparison with precipitation. Runoff coefficients exceed 100% in many of the highest watersheds. A glacier inventory performed with aerial photographs and ASTER images was combined with information from past studies, suggesting that glacier retreat could contribute between 5% and 10% of the discharge at 3000 m in the most glacierized catchment of the region. Snow extent was studied using MOD10A2 data. Results show that snow is present during 4 months at above 3000 m, suggesting that snow processes are crucial. The mean annual sublimation ($80 mm a À1 at 4000 m) was estimated from the regional circulation model (WRF) and data from past studies. Finally, spatial distribution of precipitation was derived from available surface data and the global forecast system (GFS) atmospheric prediction model. Results suggest that annual precipitation is three to five times higher near the peak of the Andes than in the lowlands to the west. The GFS model suggests that daily precipitation rates in the mountains are similar to those in the coastal region, but precipitation events are more frequent and tend to last longer. Underestimation of summer precipitation may also explain part of the excess in discharge. Simple calculations show that consideration of GFS precipitation distributions, sublimation, and glacier melt leads to a better hydrological balance. 
[1] The water resources of high-altitude areas of Chile's semiarid Norte Chico region (26-32°S) are studied using surface hydrological observations (from 59 rain gauges and 38 hydrological stations), remotely sensed data, and output from atmospheric prediction models. At high elevations, the observed discharge is very high in comparison with precipitation. Runoff coefficients exceed 100% in many of the highest watersheds. A glacier inventory performed with aerial photographs and ASTER images was combined with information from past studies, suggesting that glacier retreat could contribute between 5% and 10% of the discharge at 3000 m in the most glacierized catchment of the region. Snow extent was studied using MOD10A2 data. Results show that snow is present during 4 months at above 3000 m, suggesting that snow processes are crucial. The mean annual sublimation ($80 mm a À1 at 4000 m) was estimated from the regional circulation model (WRF) and data from past studies. Finally, spatial distribution of precipitation was derived from available surface data and the global forecast system (GFS) atmospheric prediction model. Results suggest that annual precipitation is three to five times higher near the peak of the Andes than in the lowlands to the west. The GFS model suggests that daily precipitation rates in the mountains are similar to those in the coastal region, but precipitation events are more frequent and tend to last longer. Underestimation of summer precipitation may also explain part of the excess in discharge. Simple calculations show that consideration of GFS precipitation distributions, sublimation, and glacier melt leads to a better hydrological balance. [Squeo et al., 2007] . Most of the regions water resources originate in the Andes cordillera (mountain range), either from direct runoff during winter rainstorms or from snowmelt during spring and early summer. Despite their profound importance to local agriculture (a major part of the local economy), both precipitation and discharge are poorly observed in the Andes, especially at high elevations (i.e., >3000 m above sea level (asl)), which are often inaccessible and covered by snow during winter. Glacier coverage in Norte Chico region is small (73.85 km 2 [Garin, 1987; Rivera et al., 2000] ), but the substantial retreat of glaciers during the 20th century [e.g., Leiva, 1999; Rivera et al., 2002] is generally assumed to play a significant role in discharge variations. Except for rough estimations of water contribution from the cryosphere [Rivera et al., 2002] , little data are available to clearly infer the impact of glacier retreat on discharge in the area. Information on snow accumulation (rutas de nieve from Dirección General de Agua (DGA) [Escobar and Aceituno, 1998] ) and sublimation/evaporation [Stichler et al., 2001; Ginot et al., 2006] is even scarcer, and the spatial distribution of hydrological measurements is insufficient to correctly infer the spatial distribution of water production. As such, a basic understanding of hydrological processes in the Andean catchments of the Norte Chico is lacking.
Introduction
[3] The objective of this study is to provide a careful characterization of the hydrological regime of the Andes of the Norte Chico Region, focusing on high-altitude areas above 3000 m asl. Given that the region is effectively unstudied (from a hydrological perspective), our approach is largely empirical and we place substantial emphasis on the presentation and interpretation of available observational data. We examine several aspects of the hydrological regime, including long term variability of precipitation and discharge over the 20th century, spatial and temporal
